Electricity trade across jurisdictions is often considered welfare enhancing. We show in this paper that this could be reconsidered if environmental externalities are taken into account. We consider two cases where trade is bene…cial, before accounting for environmental damages: …rst, when two jurisdictions with the same technology display some demand heterogeneity; second when one jurisdiction endowed with hydropower arbitrages with its "thermal" neighbor. Our results show that under reasonable demand and supply elasticities, trade comes with an additional environmental cost. This calls for integrating environmental externalities into market reforms when redesigning the electricity sector.
Introduction
Electricity reforms across the world increasingly integrate various jurisdictions. In the United States, federal "open access" to transmission networks was mandated in 1996 through order 888 of the Federal Energy Regulatory Commission. In the European Union, the 2003 directive "EU common rules for the internal market in electricity" even go further by requiring all members to open their internal market and to o¤er choice to consumers. Integration reforms are also under way in Latin America and Africa. See for instance Pineau et al. (2004) and Pineau (2008) . If little disagreement exists on the theoretical economic bene…ts of such electricity reforms, the environmental impacts of the additional trade have not been studied in great details. A large literature exists on electricity market reforms (see for instance Newbery, 2000 , or Stoft, 2002 , for excellent introductory books), but it largely ignores integration of di¤erent jurisdictions and environmental consequences.
DeCiccoa et al. (1992) , however, raised some early concerns over new transmission lines in North America, and explore how e¢ ciency improvements in consumption could avoid the need for these lines. Their focus is however not on emissions (mostly CO 2 , NO x and SO x ), which are usually considered the main environmental issues in the electricity sector. An important exception to this lack of attention on electricity, trade and the environment comes from the work of the Commission for Environmental Cooperation of North America. In 2002, they released a series of reports directly assessing possible environmental challenges and opportunities under a more integrated North American electricity market. See for instance CEC (2002) . This work, however, revolves around energy models calibrated with given loads that have to be supplied (purely inelastic demand), and therefore o¤ers limited validity in describing real electricity markets, where some demand elasticity exists, especially in the longer run. See also Bernard et al. (2004) for such a study of the impact on emissions of freetrade in the electricity sector in the North-American Northeast region (where important hydro and thermal capacity are available).
Furthermore, maybe because the project of mandating "Standard Electricity Market Design" in regional transmission organizations (RTOs) across the US was abandoned (FERC, 2005) , the interest in environmental impacts of electricity trade decreased. Greenhouse gases (GHG) emissions related to the electricity sector remain however very important: about 25% of the worldwide GHG emissions come from the electricity sector (Baumert et al., 2005) . There are many reasons to believe that a lot of environmental improvements could be achieved in electricity, notably through better resource allocation that could be acheived with larger scale planning, capacity sharing and better electricity pricing (CEC, 2002 ). An example of poor resource allocation in this sector is, for instance, the case of hydropower in the US and Canada. In the US, most hydropower is sold at cost through federal non-pro…t power marketing administrations (like the Bonneville Power Administration), under the authority of the US Department of Energy. Similarly, in Canada, provinces such as British Columbia, Manitoba and Quebec, produce about 280 TWh of hydropower (Statistics Canada, 2008) , sold at historically low cost-based rates within their own jurisdiction. Neighboring provinces (Alberta, Saskatchewan, Ontario), because of their lack of access to hydropower, need thermal generation capacity and have electricity prices about twice higher (for price comparisons, see for instance Hydro-Quebec, 2008) .
The bene…ts of trade between such "hydro" and "thermal" jurisdictions are obvious: hydropower plants can "shave" high production costs during peak hours while storing water during base periods, by buying cheaper thermal base load power. Crampes and Moreaux (2001) provide an economic model to study interactions between hydro and thermal units. Rangel (2008) reviews the market and regulatory issues that can arise in such situations, with a focus on possible market power abuses. He also reviews the literature of hydropower-dominated competition.
This paper aims at providing some general results to better understand when electricity trade can be environmentally damaging, in the absence of any mechanism to account for environmental externalities, as it is currently the case for CO 2 . In particular, we are interested in understanding and making more explict the role of own price elasticity of demand and supply in electricity trade. Indeed, although elasticity plays a very important role in markets, notably to mitigate market power and price volatility, it has been the focus of very few studies. Among them are La¤erty et al. (2001) and IEA (2003) , taking a regulator and public policy perspective. Another notable exception is Siddiqui (2003) , which looks at the role of price elasticity in determining the market equilibirum in a competitive spot market for electricity with forward contracts. Interregional trade is however not the focus of these studies. Many empirical studies estimate elasticities, with a focus on short and long term own price elasticity of demand. However, both time-of-use (TOU) elasticities and regional elasticities are increasingly being studied. Dahl (1993) provides a wide survey of energy price elasticities (see also Wade, 2003) . For a more recent survey of TOU elasticities, see Lijesen (2007) . Regional price elasticities analysis for electricity demand can be found in Bernstein and Gri¢ n (2005), for the United States, and NIEIR (2007), for Australian States. To our knowledge, however, price elasticity of supply has not been estimated in the literature.
In order to study the links between electricity trade, environmental impact and price elasticities, two very common cases are coverted. First, the situation of two neighboring jurisdictions equiped with similar generation technologies, but facing di¤erent demand levels, with di¤erent price elasticities. Second, the situation of a "hydro" jurisdiction (with regulated price), neighboring a "thermal" jurisdiction, selling electricity at marginal cost. Our results show that because the quantity sold is likely to grow when there is trade between jurisdictions, environmental impacts also grow. These results hold under conditions on demand and supply price elasticities we establish, and that are commonly satis…ed in electricity market.
The next section presents in greater details the model and our results. Section 3 provides some numerical illustrations and discussion points.
Trade resulting from demand and technology heterogeneity
In the next subsections, we consider a one-period situation with two jurisdictions, both competitive (pricing at marginal cost), but facing di¤erent demand levels. Trade can improve the situation due to this demand heterogeneity (not accounting for environmental damages). Then, in the following subsection, trade bene…ts come from technological di¤erences: one jurisdiction is endowed with hydropower and regulates price in its internal market, while the other jurisdiction has thermal generation and is competitive. During the two-period situation (with demand heterogeneity between periods), the hydro jurisdiction can arbitrage in the thermal one. We assume that environmentally damaging emissions only come from the thermal (default) technology and are exactly proportionate to production.
Same technology, di¤erent demand, one period
Assume that two jurisdictions share an identical technology (presumably thermal, with similar costs and emissions) and that both markets are competitive. Electricity is not storable but there is demand heterogeneity so that trade may allow the overall production cost to decrease. Without any loss of generality, we assume that in autarky (superscript A) price p A is lower in jurisdiction T , compared to the other T , because of its lower demand:
where C ( ), the production cost function, is increasing and convex, as it can be realistically be assumed in a thermal system. Q A and Q A are the quantities produced and consumed in both jurisdictions. Allowing exchange between both jurisdictions results in
where Q X is the quantity exchanged between jurisdictions and Q D and Q D are the quantities required to meet local demand in, respectively, jurisdictions T and T (Q S and Q S represent supply in T and T ). However, in order to be more realistic we limit trade to the transmission line capacity K, so that Q X = K: This means that a price di¤erence will continue to exist between the two jurisdictions:
Four basic but important results are now discussed. First, the welfare implications for the exporting jurisdiction, producing Q S = Q D + K and selling Q D at price p but K at price p. Second, the welfare implications for the importing jurisdiction, producing Q S = Q D K . Then, the combined welfare impacts, ignoring environmental consequences. Fourthly, the conditions under which such trade can actually have a negative impact on the environment. Figure 1 illustrates the situation. Jurisdiction T (right panel) produces Q S and exports quantity K in T (left panel). This reduces price in T , from p A to p, but increases price in T from p A to p. A pro…t is collected by T -producers.
(High price, importing K) This result is obvious, but is useful to recall for two reasons. First, the transmission constraint K between the two jurisdictions plays a key role in allowing trade and setting the pro…t level for the exporting jurisdiction ( ). T -producers require access to the market in T , but not to the point of reaching an equal price level in both jurisdictions. They may not directly control the level of K but will certainly lobby the transmission company in order to set a transmission capacity close to their interest.
Second, internally, consumers and producers in T have diverging interests: exports from T to T raise the price p A to p. Consumers will therefore apply some political pressure to prevent a connection to be established between the two jurisdictions, because a share of T -producers gain comes from this higher local price. Overall, however, producers and consumers in T gain from trade, and in theory some transfer mechanisms could be designed to compensate Tconsumers from higher prices, in such a way that the two groups increase their position with trade, compared to autarky.
Importing jurisdiction T

Proposition 2
Trade always improves upon welfare in the importing jurisdiction; however, while consumers gain, producers lose. Proof. See Appendix.
In T , as illustrated in Figure 1 and as it can also be obviously concluded, trade reduces price. This bene…ts consumers but hurts producers. This represents an incentive for producers to lobby against transmission lines making such trade possible. To some extent, it can explain why competitive jurisdictions such as Alberta (Canada) remain little interconnected with their neighbours, producing at lower costs. The empirical impact of such trade has been studied by Serletis and Dormaar (2007) , and indeed imports into the Alberta market have been shown to reduce electricity price, which led Alberta market participants from the supply side to try to limit the impact of imports.
Combined jurisdictions
Proposition 3 Absent environmental e¤ ects, trade improves upon total welfare while prices are not equalized.
This proposition simply results from combining welfare impacts in both jurisdictions (see also the appendix):
This result is why trade is considered bene…cial and promoted as good economic policy. However, marginal cost functions C 0 ( ) are private and do not include the environmental cost of electricity production. As thermal electricity production from fossil fuels (coal, natural gas and oil) emit GHG, among other gases, this welfare improvement for consumers and producers exclude the environmental cost of electricity production. If trade increases the total electricity consumption (and therefore production), this impact can actually grow and potentially reduce trade's bene…ts, or even make trade undesirable. Now we turn our attention to this issue: when is trade actually increasing consumption and, consequently, the environmental impact?
Environmental Impact
Overall consumption (and hence production) increases with trade depending on the price elasticity of demand in both jurisdictions (" and "), on the price elasticity of supply ( and ), on both demand levels and on the capacity of the transmission line.
Proposition 4 Trade increases consumption when
Proof. See Appendix. This result, the main one of the paper, provides a general condition on when electricity trade increases total consumption, and therefore has a greater environmental impact (assuming environmental impact is proportional to production). It ties the ratio of demand elasticity to the ratio of supply elasticity, along with the transmission constraint (K) and demand levels (Q D and Q D ).
Price elasticity is sometimes observed to be lower when demand is higher: " < " (see some studies reviewed in Lijesen, 2007) . Supply elasticity is lower when demand is higher (as capacity becomes more and more binding), so . If these two observations are true, then the left hand-side of the condition would be greater than the right hand-side. Therefore, trade would lead to higher consumption levels and have a higher environmental impact. Illustrations of this result are presented in section 3.
Di¤erent technologies and regulations, two periods: the impact of hydro arbitraging
Our model of the electricity market with a hydropower jurisdiction (H) follows Crampes and Moreaux (2001). The generation technology of the other jurisdiction is thermal and is characterized by increasing and convex costs, as previously. Hydropower production is constrained by a known stock of water S. This stock can be used to produce electricity as desired during di¤erent periods. We will consider here only two periods (for the sake of simplicity), one period with a lower demand, and therefore a lower need for hydro supply (Q S H ), and one with a higher demand, and a higher hydro supply requirement (Q S H ). We assume that the hydropower system (reservoirs, dams and generating units) is calibrated such that supply meets demand and
This o¤ers room for arbitraging, as water reserves can be freely allocated across time.
In order to evidence the e¤ects at hand, we shall analyze a very simple model. More precisely, we assume that jurisdiction H only produces hydropower while jurisdiction T holds no hydro capacity (only thermal). Clearly, absent demand ‡uctuations in T price would be constant and there would be no place for trade, unless the H-producer is not compelled anymore to supply customers in its jurisdiction. If, however, demand (and hence price) happens to vary in T , intertemporal arbitrage may help improve e¢ ciency and pro…tability.
With regulated price in jurisdiction H, neither price nor demand vary in that jurisdiction. This says that the sum of the trade ‡ows should add to exactly zero (no "loss of resource" for H-consumers). As a result, it must be the case that total production and consumption are equal in jurisdiction T .
Assume there are only two periods. Let p 
If there is an exchange of K between jursidiction H and T , then we have Figure 2 illustrates the situtation, which is very similar to the previous case (with trade between two thermal jurisdictions, T and T ). In Figure 2 , however, only jurisdiction T is illustrated, but each panel re ‡ects a di¤erent period: the high demand period (left) and the low demand period (right). With trade constrained at K, price decrease from p 
High demand period (T)
Low demand period (T) . This would mean that overall, trade increases total consumption (and production), as consumption in jurisdiction H remains equal due to the constant regulated price. Once again, our results detail for the two jurisdictions the exact condition under which total consumption increases with trade.
Jurisdiction H
Proposition 5 It is always bene…cial for a jurisdiction with hydropower to arbitrage between high and low-demand periods within the thermal jurisdiction. It is never optimal for the hydropower jurisdiction to allow trade up to price equalization.
Proof. See Appendix.
When the hydropower jurisdiction trades with the thermal one, it bene…ts from trade. However, in order to bene…t from trade, the price di¤erential between the two periods, p T p T , has to remain strictly positive. This can only be acheived under a transmission constraint. The H-producer will therefore also have an incentive to maintain a transmission constraint. H-consumers, unlike T -consumers, do not su¤er from trade because price remain regulated in jurisdiction H.
Jurisdiction T
Proposition 6
Trade improves upon welfare in the thermal jurisdiction, however, T -consumers and T -producers can gain or lose depending on price and demand levels, transmission capacity and demand and supply price elasticities. Proof. See Appendix.
While trade is clearly bene…cial in jurisdiction T as a whole, there is no clear results on whether both consumers and producers gain, or only one of the two groups. Indeed, as detailed in the appendix, under some conditions both group can gain from trade, but it could also be the case that one group is hurt by trade. Again, what occurs depends on the demand and supply price elasticities in both periods, as well as price, demand and transmission capacity levels.
Combined jurisdictions
Proposition 7 Absent environmental e¤ ects, trade improves upon total welfare while prices are not equalized. Proof. See Appendix.
Although trade clearly bene…ts both jurisdictions, the optimal situation where price are equalized in both time periods would destroy pro…t to the Hproducer. There will therefore be some con ‡ict between jurisdictions over which level of transmission should be build.
Environmental Impact
The environmenal impact is exactly similar in this case as in the case previously studied. Total consumption will increase if
As production remains constant in H, the increased consumption has to be supplied from additional production in the thermal jurisdiction, consequently releasing additionnal GHG.
Illustrations
To illustrate our results, we propose three cases. The …rst is a stylized example with a calibrated increasing and convex cost function, without empirical data. The second and third cases are based on the trade between two (mostly) "thermal" jurisdictions (New York and Pennsylvania) and between a "thermal" and a "hydro" jurisdiction (New York and the province of Quebec, Canada). In all cases, we don't have to specify the demand side of the market, which maintains a level generality in our illustrations. We simply have to assume some own-price elasticity values for the demand of electricity. Elasticity of supply, in all cases, is derived from the generation cost function or observed price and supply data.
Stylized Example
For the sake of illustrating our results under a typical (and rather general) context, we use the following cost function for thermal generation:
Constants c = 3: 610 3, K T = 270 and k T = 1251: 6 were calibrated to provide familiar values for marginal thermal production costs: C 0 (0) = 10 and C 0 (100) = 250 (in $/MWh, for instance), with inital low-cost coal-generated electricity, then electricity generated from natural gas and then from diesel power plants. The system has a theoretical maximum generation capacity of K T = 270 (MW, for instance). However, the marginal production cost quickly becomes prohibitively high beyond 100 MW, as illustrated in Figure 3 . QC 00 (Q) is illustrated in Figure  4 . It tends to zero as production increases. The condition established in Proposition 4 is illustrated in Figure 5 , where the Y -axis represents the ratio of peak to o¤-peak demand elasticity ( " " ). The condition is respected above the bold line (
), which is always below " " (with Q D = 40 and a transmission capacity of 10). Demand in the "high demand" jurisdiction Q D is varying from 50 to 100 (X-axis in Figure 5 ), and the line " " = 1 is also shown. What Figure 5 illustrates is how small the ratio of demand elasticities has to be in order to not have an increase in consumption with trade. If elasticities in both jurisdictions are similar, then " " ' 1; trade will lead to more consumption and a greater environmental impact. If the ratio of demand elasticity is su¢ ciently small (below the bold line), then trade will decrease overall consumption. This would simply mean that the the price reduction in the importing jurisdiction leads to little consumption increase (because it's relatively inelastic), while the price increase in the exporting jurisdiction leads to some important consumption reduction (because it's relatively elastic).
As consumption in T increases (shown in X-axis), the condition becomes more and more di¢ cult to meet: demand elasticities in both jurisdiction have to be extremely di¤erent (relatively a lot more inelastic in the importing jurisdiction) in order to lower overall consumption. 
New York (T ) -Pennsylvania (T ) Illustration
The state of New York is interconnected with PJM (the region "PennsylvaniaNew Jersey-Maryland") through transmission lines that have an import limit to New York of 3,160 MW (New York ISO, 2009a Our result from proposition 4 allows to "test" if this trade is environmentally damageable or not, due to a higher overall electricity production, given that all parameters and variables can be approximated with con…dence. Table 1 Table 1 are estimated with monthly data, through a simple linear regression model. Although these values are very gross approximations, they re ‡ect the fact that on a monthly basis, electricity generation in Pennsylvania is much more responsive to price than in New York, where the production capacity is much tighter, as monthly production and consumption numbers illustrate. Peak demand values are used simply to re ‡ect an extreme situation (other values could be used without a¤ecting our conclusion).
With a demand elasticity ratio propostion 4 leads to the conclusion that overall electricity production (and consumption) increases with trade (exports) from Pennsylvania to New York. It would take an extremely inelastic demand in New York ( 0:042 or more), or a much more elastic supply in this state (4:90 or more), to observe a decrease in overall consumption, and hence a lower environmental footprint.
New York (T ) -Quebec (H) Illustration
New York, as previously mentioned, has a thermal generation system. If it can bene…t from imports from another thermal system such as the one in Pennsylvania (due to demand heterogenity), it can also bene…t from the hydropower power system of the province of Quebec. This province regulates its electricity price to provide a constant price to its consumers, and has planned its hydropower system to meet its internal demand and to export. But if we abstract from the energy available for export in Quebec, there are still some trading opportunities for Quebec in New York, by simply arbitraging between high and low prices in the New York market. In this third case, we use New York City data (because this speci…c zone is highly congested), and the transmission capacity between New York and Quebec, to illustrate again the potential increase in environmental damage such trading can have. Table 2 summarizes the value of key parameters and variables we need to illustrate this case.
Value Source . Q D , o¤-peak demand, is the average of the 25% lowest hourly loads. We use the value K = 2; 125 because it is the export capacity from Quebec to New York. This represents a higher bound (any lower value could be used and would contribute to increase the right-hand side of the condition).
Estimates of price elasticity for demand during peak and o¤ peak periods diverge in the literature. Surveys report di¤erent …ndings (Dahl, 1993; Lijesen, 2007) , with many instance of higher elasticity values during peak load periods (" > "; in absolute values). When this happens, the inequality of propostion 4 can hardly be false, as illustrated in Figure 5 . However, it is also plausible that during peak hours consumers have less options to react to prices, and hence we could observe " < ". Therefore, we keep the same values as before (but any other plausible values could be used).
Price elasticity values for supply are computed with January 2008 hourly prices (Locational Based Marginal Price) and loads (Real Time Actual Load) for the New York City zone. Again, simple linear regression is used to compute the slope of the supply curve during the two di¤erent periods (peak and o¤-peak).
The demand elasticity ratio " " = 0:83 is again greater than
41. This means that arbitraging between peak and o¤-peak periods leads to an overall greater production in New York. In this case, it would take an extremely inelastic demand during the peak period ( 0:061 or more), or a much more elastic supply during peak period (0; 35 or more), to observe a decrease in overall consumption, and hence a lower environmental footprint. Alternatively, with all other values being equal, trade would lead to a lower overall consumption level if K was under 79 MW.
Discussion
What these simplistic, but still realistic, illustrations show is that electricity trade, under very plausible conditions, lead to an increased in overall consumption. Consequently, production is higher and the environmental impact grows.
As GHG emissions become a worldwide concern and as electricity markets are increasingly being integrated, such results reinforce the argument that externalities have to be internalized in some ways into electricity prices, to avoid ignoring environmental impact when assessing trade gains. The application of our main result over an extented period of time, with hourly loads and during congested periods (an assumption of our analysis), would allow a complete empirical assessment of the increased consumption induced by trade. The real environmental impact would have to account for the di¤erent emission levels along the supply curve, as coal-generated electricity is more CO 2 intensive than natural gas-generated electricity (about twice as intensive). This would mean that "cheap" production during o¤-peak hours are more environmentally damaging that "expensive" generation during peak hours. Consequently, the net environmental result of the higher consumption level could be even more di¢ cult to assess, due to di¤erent externalities at di¤erent production levels. Indeed, if production during the low-demand period (or jurisdiction) increases by , then production in the high-demand period would have to decrease by 2 to obtain an "emission-neutral" net result (as coalgenerated electricity, during the low-demand period emits about twice as much CO 2 as natural gas-generated electricity). Under current market conditions, this would be very di¢ cult to obtain.
Conclusion
This paper investigates issues seldom considered in the integration of electricity markets: welfare gains for both trade partners and welfare change for consumers and producers in each jurisdiction. In addition, and this is its main results, it establishes that trade leads to higher consumption levels, and hence likely larger environmental impact, under very realisitc conditions. The contribution of this paper is to center the analysis on price elasticities of both supply and demand. Three cases illustrates the main result, in each cases, environmental impact grows with trade.
Future work should focus on a thorough assessment of electricity trade between two jurisdictions and include actual emission levels of di¤erent fuels used in electricity generation.
5 Appendix 1: Proof of Propostions 1 to 7
Proof of Proposition 1
Wefare impact in T . It is always bene…cial for a jurisdiction facing a lower demand to export. It is never optimal for a jurisdiction to allow trade up to price equalization. In the exporting jurisdiction, trade redistribute wealth from consumers to producers.
Assume that trade is limited by transmission capacity K, so that Q X = K: The e¤ect of a small increase in K on the exporting jurisdiction is obtained as follows. By di¤erentiating the marginal pricing identity p = C 0 Q D + K with respect to K, one gets: dp dK = " dQ D dp ! dp dK + 1
This rewrites directly as dp dK
The marginal change in consumer (net) surplus V writes dV dK = Q D dp dK ;
which is negative. Assume that the transmission rights owner makes a rent
The producers'pro…ts write = p Q D + K C Q D + K : Thus the marginal change in …rms pro…ts induced by trade is :
D dp dp dK
as long as the capacity constraint is binding i.e. p > C 0 Q D + K = p : Under the very same conditions, trade yields to a social welfare variation in the exporting jurisdiction that writes
which is always positive.
In the exporting jurisdiction, trade induces redistribution from consumers to producers. The net (marginal) impact of this redistribution is zero. The improvment in welfare comes from the marginal increase in pro…ts made on the external market (as a result of the increase in price). Trade always improves upon autarky. The transmission rights owner makes a rent R = p p K: It is never in its interest to increase the exporting capacity K up to a point where the price di¤erential washes out.
Proof of Proposition 2
Welfare impact in T . Trade always improves upon welfare in the importing jurisdiction; however, while consumers gain, producers lose.
As previously, by di¤erentiating of the marginal pricing equation p = C 0 Q D K , one gets the marginal e¤ect of an increase in K upon the market price: dp dK =
In the importing jurisdiction, the change in capacity yields to a variation of consumer net surplus that writes
which is positive. The marginal impact on producers pro…ts writes
which is negative. However, the marginal impact on welfare is always positive:
Total welfare and transmission rights owner
Proposition 3 (Combined welfare impact. Absent environmental e¤ ects, trade improves upon total welfare while prices are not equalized ) is proved in the process of studying the welfare impact of transmission the transmission right owner. If the rent made by the transmission right owner is given by R = p p K; then e¤ect of a marginal variation in K writes dR dK = p p + K dp dK dp dK :
The variation in total welfare is given by
The capacity K that maximizes welfare is such that p = p: The capacity that maximizes the rent R is de…ned by the implicit equation K R = dp dK dp dK 1 p p :
If the transmission capacity is owned by the importing jurisdiction, the capacity that maximizes the jurisdiction welfare is de…ned implicitly by (dR=dK) + dW =dK = 0; which yields K K = dp dK
If the transmission capacity is owned by the exporting jurisdiction, the capacity that maximizes the jurisdiction welfare is de…ned implicitly by (dR=dK) + (dW =dK) = 0; which yields K K = dp dK 1 p p :
Clearly both K ; K are higher than K R and smaller than K :
Proof of Proposition 4
Environmental impact. Trade increases consumption when
The e¤ect of a marginal increase in transmission capacity K upon aggregate demand Q D writes dQ D dK = dQ D dp ! dp dK + dQ D dp ! dp dK ;
where dp dK = C 00 Q D + K
+
dQ D dp C 00 Q D + K ; dp dK =
This says that
dQ D dp C 00 Q D + K :
Let " and " be the (absolute value of the) own-price demand elasticity in the exporting and importing jurisdiction respectively:
Similarily, let and be the supply elasticities in the exporting and importing jurisdiction respectively:
The marginal change in total demand thus rewrites
Rearranging, this yields dQ D =dK > 0 if and only if
If emissions increase with total demand hence production, we have there a necessary and su¢ cient condition for environmental damage to increase.
Assuming again that trade is limited by the transmission capacity (that is Q X = K), we know from previous calculus (proof of propositions 1 and 2) that the impact on prices over the di¤erent periods writes dp dK = The marginal impact on industry pro…ts writes
In all cases it is bene…cial for the jurisdiction T dW T dK = dp dK dp dK K
despite the rent R made by the Hypro-monopolist.
Proof of Proposition 7
Combined welfare impact. Absent environmental e¤ ects, trade improves upon total welfare while prices are not equalized.
Clearly, it is pro…table for jurisdiction T to increase the transmission capacity K up to price equalization: dW T dK = dp dK dp dK K:
As already metionned, jurisdiction H would …nd pro…table to limit this capacity to a level K R such that K R = dp dK dp dK 1 p p :
Yet, it is in the overall interest to constraint jurisdiction H to export up to price equalization:
